Protein-protein interactions with the molecular chaperone hsp90 and phosphorylation on serine 1179 by the protein kinase Akt leads to activation of endothelial nitric oxide synthase. However, the interplay between these protein-protein interactions remains to be established. In the present study, we show that vascular endothelial growth factor stimulates the coordinated association of hsp90, Akt, and resultant phosphorylation of eNOS. Characterization of the domains of hsp90 required to bind eNOS, using yeast 2-hybrid, cell-based coprecipitation experiments, and GST-fusion proteins, revealed that the M region of hsp90 interacts with the amino terminus of eNOS and Akt. The addition of purified hsp90 to in vitro kinase assays facilitates Akt-driven phosphorylation of recombinant eNOS protein, but not a short peptide encoding the Akt phosphorylation site, suggesting that hsp90 may function as a scaffold for eNOS and Akt. In vivo, coexpression of adenoviral or the cDNA for hsp90 with eNOS promotes nitric oxide release; an effect eliminated using a catalytically functional phosphorylation mutant of eNOS. These results demonstrate that stimulation of endothelial cells with vascular endothelial growth factor recruits eNOS and Akt to an adjacent region on the same domain of hsp90, thereby facilitating eNOS phosphorylation and enzyme activation. (Circ Res. 2002;90:866-873.) 
duces low levels of nitric oxide (NO) to regulate several aspects of cardiovascular homeostasis. In endothelial cells and cells transfected with the eNOS cDNA, eNOS behaves as a peripheral membrane protein that is regulated by the allosteric activator, calmodulin (CaM). In vitro, the addition of CaM to recombinant eNOS markedly accelerates NOS catalytic function and NO synthesis. 1 However, in vivo, additional regulatory mechanisms other than CaM participate in eNOS activation/inactivation. This concept is supported by studies demonstrating that mislocalization of eNOS secondary to mutations that block its membrane association do not influence its catalytic function or calcium dependency in vitro; however, agonist-stimulated NO release from cells is markedly diminished. [2] [3] [4] These studies imply that spatial and temporal regulation of membrane associated eNOS function must involve other protein-protein or protein-lipid interactions that impact on its activation state.
In the past several years, many protein partners that interact with eNOS have been described, including caveolins-1 and -3, 5,6 heat shock protein 90 (hsp90), 7 dynamin-2, 8 G protein-coupled receptors, 9 and certain kinases including Akt and mitogen-activated protein kinase family members. 10, 11 All these proteins have been show to interact with eNOS in conventional in vitro assays, including coprecipitations, affinity chromatography, and yeast 2-hybrid analysis. In vivo, there is compelling evidence supporting the importance of caveolin-1, hsp90, and Akt in regulating NO release because overexpression, inhibition, or dominant-negative strategies to each protein partner blocks NO release and endothelium-dependent vasodilation in intact blood vessels. 7, [12] [13] [14] [15] [16] With this in mind, a reasonable working model is that caveolin-1 binding to eNOS renders it less active. On stimulation of cells with various agonists, CaM and hsp90 are recruited, the caveolin-1 inhibitory clamp is displaced, and phosphorylation by Akt ensues to modulate eNOS catalysis and NO release. 17 However, the precise interrelationships and mechanisms of how these protein regulators modulate eNOS are not well understood.
Because hsp90 and Akt are both involved with eNOS activation, the purposes of this study are to (1) evaluate the interaction of hsp90 with Akt and eNOS, (2) map the binding domains of Akt and eNOS on hsp90 using multiple methodologies, and (3) determine the functional significance of this complex in vitro and in vivo.
Materials and Methods

Cell Culture/Western Blotting
Bovine aortic endothelial cells (BAECs, passage 4 or less) were grown in Dulbecco's modified Eagle's medium containing penicillin (100 U/mL), streptomycin (100 mg/mL), and 10% (v/v) fetal calf serum (complete Dulbecco's modified Eagle's medium). BAECs were serum starved for 12 hours overnight, stimulated with vascular endothelial growth factor (VEGF; 50ng/mL) for the times indicated, and protein immunoprecipitated, as described previously. 13
In Vitro Kinase Assays
For in vitro phosphorylation studies, we incubated recombinant eNOS (1 g) purified from Escherichia Coli with activated recombinant Akt from baculovirus (12 ng, Upstate Biotechnologies) in the presence or absence of purified bovine brain hsp90 (2 g, Stressgen) or denatured hsp90 (boiled). Proteins were preincubated on ice for 15 minutes and kinase assays were performed in a buffer containing HEPES (20 mmol/L, pH 7.4), MnCl 2 (10 mmol/L), MgCl 2 (10 mmol/L) with ATP (50 mol/L) and DTT (1 mmol/L) for the times indicated. For experiments using eNOS peptides as substrates for Akt, WT peptide (20 g, RIRTQSFSLQERHLRGAVPWA) and SA peptide (RIRTQAFSLQERHLRGAVPWA) were preincubated with hsp90 (as above), and kinase assays were performed in the presence of 32 P ␥-ATP (1 L, specific activity 3000 Ci/mmol) and ATP (50 mol/L) for 5 minutes. Reactions were then spotted onto phosphocellulose filters and the amount of phosphate incorporated was measured by Cerenkov counting.
Yeast Two-Hybrid Analysis of Interacting Domains
pAS2-1 (DNA binding domain hybrid cloning vector), pACT2 (activation domain hybrid cloning vector), and Saccharomyces cerevisiae Y190 were purchased from Clontech. cDNA constructs encoding hybrids of bovine eNOS and the GAL4 DNA binding domain and Hsp90␤ and GAL4 activation domain were created by subcloning into the expression vectors pAS2-1 and pACT2, respectively. S. cerevisiae strain Y190 was cotransformed by the lithium acetate method with various pair-wise combinations of pAS2-1 and pACT2 fusion plasmids. Transformants were grown on plates lacking histidine (in the presence of 2 mmol/L 3-aminotriazole), tryptophan and leucine to select for the presence of the pAS2-1 and pACT2 derivatives, respectively. After 3 to 4 days, transformants were assayed for growth and ␤-galactosidase activity by the colony lift filter assay. All DNA-binding domain and activation domain fusion constructs were confirmed not to activate reporter gene transcription by themselves, and all activation domain fusion constructs were confirmed not to activate transcription when combined with the unrelated pLAM 5Ј-1 (human lamin C in pAS2-1).
Mapping of the hsp90/eNOS Interaction in COS-7 Cells
The Flag-tagged hsp90 deletion constructs and theV5-tagged eNOS constructs were generated by using standard cloning methods. COS-7 cells were plated in 60-mm dishes and transfected with eNOS (2 to 3 g), HA-hsp90 (2 to 3 g), Flag-hsp90 constructs (3 g), or V5-eNOS deletion constructs (2 g). To balance all transfections, the expression vector for ␤-galactosidase cDNA was used. Twentyfour hours after transfection, epitope-tagged constructs were immunoprecipitated as described above, using 2 g of anti-flag monoclonal antibody (M2) (Sigma) or anti-HA rat monoclonal antibody (Boehringer Mannheim), respectively.
Purification of GST-hsp90 Fusion Protein and In Vitro Interactions
The hsp90 fusion protein expression was performed as described previously. 18 The interaction of GST-hsp90 fusion proteins [N (9 -236), M (272-617), or C domains (629 -732)] with recombinant eNOS and Akt and proteins from BAEC cell lysates was performed as described in the expanded Materials and Methods section that can be found in the online data supplement available at http://www.circresaha.org.
Cos-7 Cell Transfections and NO Release
The epitope-tagged cDNAs for bovine eNOS, S1179A eNOS, and HA-tagged hsp90 constructs 19 were generated by standard cloning methods. COS-7 cells were plated in 60-mm dishes and transfected with eNOS (2 to 3 g), HA-hsp90 (2 to 3 g), and Flk (3 g). To balance all transfections, the expression vector for ␤-galactosidase cDNA was used. Twenty-four hours after transfection, the expression of appropriate proteins was confirmed. In some experiments, COS-7 cells were serum starved for 12 to 16 hours and stimulated with VEGF (50ng/mL) for the times indicated. Lysates were prepared for Western blotting as discussed above and NO release was measured as described in the expanded Materials and Methods section.
Production of Adenoviral hsp90
Replication-deficient adenoviruses expressing HA-tagged hsp90 or ␤-galactosidase under the control of the cytomegalovirus (CMV) promoter were generated using the pAdTrack-CMV vector and the AdEasy System. The viruses were amplified in HEK293 cells, purified using CsCl, and titered using a cytopathic effect (CPE). Infection with 50 MOI of viruses resulted in close to 100% of the cells expressing the gene of interest with no signs of toxicity.
Results and Discussion
VEGF has been shown to stimulate the recruitment of hsp90 7 and promote Akt-dependent phosphorylation of eNOS leading to NO production. 11, 13 Therefore, we initially investigated the time course of VEGF-stimulated signaling to eNOS. Treatment of bovine aortic endothelial cells with VEGF (50 ng/mL) stimulated the time-dependent phosphorylation of eNOS on serine 1179 and Akt phosphorylation on serine 473 with maximal activation occurring at 3 minutes ( Figure 1A ). Accordingly, VEGF rapidly stimulated the recruitment of hsp90 to eNOS in a similar time frame ( Figure 1B ), implying that these contemporaneous events may occur in a multiprotein complex. Because previous studies have shown that Akt can physically interact with either eNOS 10, 11 or hsp90 19 independently, we examined whether VEGF can promote hsp90-dependent recruitment of activated Akt and phosphospecific (P-) eNOS. As seen in Figure 1C , immunoprecipitation of hsp90 in nonstimulated cells results in little recovery of P-eNOS and P-Akt. However, on VEGF challenge, immunoprecipitation of hsp90 results in more activated eNOS (phospho-1179) and Akt (phospho-473) in the immunocomplex overtime consistent with the time courses in Figures 1A and 1B . These data suggest the stimulusdependent formation of a multiprotein complex containing hsp90, Akt, and eNOS.
The specific domains of hsp90 involved in protein binding are beginning to be elucidated. In general, adenine nucleotides and geldanamycin bind in the ATP binding pocket of the amino terminus; calmodulin, calponin, the glucorticoid receptor, and most recently, Akt, bind near the charged region in the middle domain (M domain) 19 ; and proteins containing tetricopeptide repeats (such as immunophilin and PP5) bind to the carboxy terminus. 20 Nonnative proteins have been shown to bind either to the N or C terminus, but holo-hsp 90 is more effective than either domain in protein refolding. 21 In order to study the interactions of eNOS with hsp90, we used 3 distinct approaches: yeast 2-hybrid analysis, coprecipitation experiments, and in vitro protein-protein interaction. cDNA fragments encoding different domains of hsp90␤ (25-232, 232-442, 442-600, and 600 -732) were cloned in a vector containing the binding domain (BD) of the GAL4 transcription factor, and fragments of eNOS (2-403, 304 -709, and 1006 -1205) were cloned into the activation domain (AD) vector and were tested in a 2-hybrid screen. As seen in the Table, using both growth in synthetic dropout medium and ␤-galactosidase activity as index of a successful interaction, hsp90 domains did not interact with eNOS 304 -709 or 1006 -1205. hsp90 domains 25-232, 232-442, and 600 -732 weakly interacted with the amino terminal fragment of eNOS . However, the region of the M domain (442-600) strongly interacts with eNOS (2-403). Because eNOS (340 -709) did not interact with any hsp90 construct, we conclude that the primary binding domain on eNOS for hsp90 is between amino acids 2-304, and the primary binding domain in hsp90 for eNOS are amino acids 442-600. All other constructs tested were essentially negative for growth and ␤-galactosidase activity as indicated in the Table. Next, we used a series of deletion mutants of either hsp90 or eNOS to detect which domains of interaction were required in intact cells. COS cells were transfected with the cDNAs for wild-type eNOS and flag-tagged hsp90 ( Figure  2A ) or V5-tagged eNOS and HA-tagged hsp90 and the interaction assessed in immunoprecipitation experiments. In both panels, the transfected cDNAs were equally immunoprecipitated and expressed (see middle and bottom panels in Figures 2A and 2B ). As seen in Figure 2A , cotransfection of different flag-tagged, hsp90 deletion mutants with full-length eNOS resulted in eNOS coprecipitating with regions 1-456 and 1-530, but not 1-309 or 530 -724 of hsp90. This suggests that regions of hsp90 between amino acids 309 and 530 are important for interacting with eNOS. In Figure 2B , the domains of eNOS that interact with hsp90 were determined similarly. Cotransfection of different V5-tagged, eNOS deletion mutants with full-length HA-tagged hsp90 resulted in hsp90 coprecipitation with regions 1-400 and 1-600, but not 1-300 of eNOS. Thus, regions between amino acids 300 and 400 of eNOS are sufficient to interact with hsp90 in cells.
To test the interactions using an additional approach, we used recombinant eNOS or endothelial cell lysate as a source of eNOS and GST fusion proteins spanning the N (9 -236), M (272-617) and C domains (629 -732) of hsp90␣. These regions of hsp90␣ are greater than 95% identical to corresponding amino acids 9 -231, 266 -610, and 622-724 of cDNA fragments encoding eNOS or hsp90␤ were cloned into the vectors containing the GAL4 DNA BD or the GAL4 DNA-AD (pACT2) and were cotransformed into yeast strain Y190 and cell plated onto SD media without leucine, tryptophan, and histidine. After 6 days, filter lifts were performed and ␤-galactosidase activity determined as in Materials and Methods.
eNOS/hsp90 Interactions in Yeast Two-Hybrid Analysis
These data are representative of at least 4 individual experiments. ϩ or Ϫ indicates the presence or absence of an interaction, with ϩϩϩ representing a strong interaction.
hsp90␤. As seen is Figure 3A , incubation of eNOS with GST alone, N, M, or C domains of hsp90 in the presence 150 mmol/L NaCl revealed a preferential interaction between eNOS and the M domain of hsp90 with low-level binding to the N and C domains ( Figure 3A, left panel) . Similarly, in BAEC lysates, eNOS interacted strongly with the M domain again, with low-level binding to the N and C domains (right domain). In the absence of NaCl in the binding and wash buffers, eNOS interacted more strongly with all domains, but not GST alone (data not shown). Collectively, our data from the 2-hybrid analysis and GST binding assays demonstrate that the amino acids 442-600 in hsp90␤ or 449 -607 in hsp90␣ in the M domain are responsible for binding the amino terminus of eNOS.
Recently, it has been shown that Akt can be immunoisolated in a complex with hsp90 from cell lysates via a direct interaction between residues 229 -309 of Akt and residues 327-340 of the M domain of hsp90. 19 In cells, the binding of hsp90 to Akt prevents dephosphorylation of threonine 308 by reducing PP2A-mediated dephosphorylation. To verify the interaction between hsp90 and Akt in our system, we incubated recombinant Akt or endothelial cell lysates with GST-N, -M, and -C domains of hsp90. As seen in Figure 3B , recombinant Akt (left panel) or Akt from cell lysates (right panel) does not significantly interact with GST alone, but interacts with the M domain of hsp90 and binds to a lesser extent to the C domain. The low-level binding to the C domain may represent an additional site of interaction to stabilize Akt to hsp90. The binding of Akt to residues 327-340 and eNOS to residues 442-600 of hsp90␤ of the M domain suggests that hsp90 can serve as a scaffold for the kinase and it substrate. To test if Akt can phosphorylate eNOS bound to the M domain of hsp90, recombinant Akt and eNOS were preincubated with either GST alone or M domain of hsp90 and an in vitro kinase reaction performed. As seen in Figure 3C , Akt can phosphorylate eNOS bound to the M domain. These data define (1) the binding motif of hsp90 on eNOS, (2) Akt and eNOS interacting with a common domain of hsp90 in a nonoverlapping manner, and (3) the ability of Akt to phosphorylate eNOS bound to the M domain of hsp90.
The above data documenting the bipartite binding of Akt and eNOS to a specific domain of hsp90 suggests that perhaps binding to hsp90 may influence the ability of eNOS to serve as an Akt substrate or that docking to hsp90 may influence Akt activity. To see if eNOS was a better Akt substrate in the presence of hsp90, in vitro kinase reactions were performed with recombinant eNOS and Akt, in the absence or presence of hsp90 in the reaction mix, and the extent of P-eNOS examined. As seen in Figure 4A , the addition of hsp90 to the in vitro kinase reaction increased the detection of P-eNOS after only 1 minute of incubation and phosphorylation increased further at 3 minutes compared with reactions lacking hsp90 (as quantified in Figure  4B ). However, at later time points, the level of P-eNOS was slightly reduced in the presence of hsp90. Furthermore, thermal denaturation of hsp90 abrogated the ability of hsp90 to increase Akt-dependent phosphorylation of eNOS ( Figure 4C ) but did not completely eliminate the ability of Akt to phosphorylate eNOS. Next, we examined if the docking of Akt to hsp90 influenced its kinase activity by examining the ability of Akt to phosphorylate a NOS peptide ( 1174 IRTQS*FSLQERHLRGAVPWA 1194 ) containing the Akt phosphorylation site (serine 1179 with asterisk). We rationalized that, because the Akt phosphorylation site is at the extreme carboxy tail of eNOS, the peptide would serve as a substrate and would not interact with hsp90. As seen in Figure 3D , the addition of Akt to the wild-type eNOS peptide increased the amount of 32 P incorporated into the peptide (lane 1) compared with a mutant peptide where S1179 was mutated to an alanine residue (S1179A) as previously described. 13 However, the addition of hsp90 to the reaction did not increase the amount of 32 P incorporated. This suggests that the docking of eNOS to hsp90 induces a conformation favorable for phosphorylation by Akt, but hsp90, per se, does not increase the activity of Akt toward eNOS as a substrate.
To examine if overexpression of hsp90 would influence eNOS phosphorylation on serine 1179 and regulate NO release, COS cells were cotransfected with the cDNAs for VEGF receptor Flk-1, HA-tagged hsp90␤, and either wild- Data in B is a graphic representation of the densitometric analysis of data in A. C, Conditions were identical to A, except hsp90 was heat denatured before adding it to the in vitro kinase reaction. D, Wild-type (WT) eNOS peptide or eNOS S1179A peptide was used as a substrate for in vitro kinase reactions in the absence or presence of hsp90. The presence of hsp90 did not increase the level of eNOS peptide phosphorylation, suggesting that docking of the entire protein was important for its ability to act as a substrate for Akt. Data are meanϮSEM; nϭ6. Figure 5 . hsp90 promotes eNOS phosphorylation and VEGFstimulated NO production in a reconstituted system. A, COS cells were transfected with cDNAs encoding Flk-1, wild-type eNOS (WT), and hsp90␤ or the control plasmid, ␤-galactosidase, and eNOS phosphorylation on S1179 examined by Western blotting. B, Flk-1, wild-type eNOS (WT) or S1179A eNOS, and hsp90␤ or the control plasmid, ␤-galactosidase was transfected for NO release. The levels of Flk, eNOS, and HA-hsp90 were identical throughout. Cells were then stimulated with PBS (C for control) or VEGF (50 ng/mL) for 30 minutes and VEGF-stimulated NO 2 Ϫ quantified by NO specific chemiluminescence. NO levels from ␤-gal transfected COS cells were subtracted as background. Data are meanϮSEM with nϭ6; PϽ0.05. Similar data were found in 3 additional experiments.
type eNOS (in Figure 5A ) or eNOS S1179A (in Figure 5B ). As seen in Figure 5A , the presence of hsp90, but not ␤-galactosidase, increased both basal and VEGF-stimulated eNOS phosphorylation on serine 1179. Next, we examined VEGF-stimulated NO production in cells expressing either wild-type eNOS or eNOS S1179A. VEGF-stimulated NO production was enhanced by hsp90 cotransfection with wildtype eNOS. In contrast, mutation of serine 1179 to alanine abrogated the ability of hsp90 to influence NO release.
Finally, to see if hsp90 regulated Akt and eNOS in primary cultures of BAECs, we developed an adenovirus expressing HA-tagged hsp90 (Ad hsp90) and examined basal and VEGF-stimulated eNOS and Akt phosphorylation and NO release. As seen in Figure 6A , in ␤-galactosidase-infected cells, eNOS was basally phosphorylated on serines 1179 and 497, with low-level Akt phosphorylation and VEGFenhanced eNOS phosphorylation on S1179 and Akt phosphorylation. Interestingly, transduction of BAECs with Ad hsp90 increased basal phosphorylation of eNOS (on S1179 and T497) and Akt, and the addition of VEGF further enhanced phosphorylation of eNOS on S1179 and Akt. We then quantified basal and VEGF-stimulated NO release from transduced BAECs. Transduction of BAECs with Ad hsp90 increased basal NO release over 16 hours compared with cells infected with Ad ␤-galactosidase. Moreover, VEGFstimulated NO production was also enhanced by the presence of hsp90. Collectively, in both a reconstituted COS cell system and cultures of BAECs, our data support the idea that hsp90 enhances basal and VEGF-stimulated Akt and eNOS phosphorylation on serine 1179 and, subsequently, NO release and underscores the importance of phosphorylation of serine 1179 for stimulated NO release.
This study integrates 2 pathways previously implicated in the activation of eNOS, namely hsp90 and Akt. We provide evidence that hsp90 can serve as a scaffold to promote a productive interaction between Akt and the substrate eNOS due to the proximity of these proteins once complexed with hsp90. Previously, we and others have shown that hsp90 is recruited to eNOS in a time frame consistent with NO release and that hsp90 overexpression increases NOS activity. 7, 22, 23 Very recently, Brouet et al 17 have elegantly shown that hsp90 is necessary for Akt-dependent eNOS phosphorylation in coprecipitation studies. However, the mechanism and role of hsp90 as scaffold were not examined. Our study confirms and significantly extends these findings by showing the precise modular domains of hsp90 that accommodate the docking of Akt and eNOS, respectively, and shows that this proximity model permits eNOS to be phosphorylated more efficiently. In addition, we show that adenoviral expression of hsp90 can increase basal and stimulated Akt phosphorylation, presumably by blocking its dephosphorylation as described, 19 promoting basal and stimulated eNOS phosphorylation on serine 1179, and enhancing NO release. Surprisingly, eNOS phosphorylation on threonine 497 is increased by Ad hsp90, suggesting that hsp90 may promote phosphorylation or prevent dephosphorylation of this site. Regardless of the mechanism, it does not appear that changes in threonine 497 phosphorylation/dephosphorylation influences the magnitude of basal and VEGF-stimulated NO release in this study. These results examining threonine 497 phosphorylation/dephosphorylation, in the context of hsp90 and Akt, are similar to the findings of Brouet et al. 24 These authors demonstrated that overexpression of hsp90 promotes eNOS phosphorylation and NO-dependent capillary tube formation in endothelial cells. The similarity of our results with Ad hsp90 provide further support for the idea that overexpression of hsp90 within endothelial cells promotes eNOS activation and NOdependent functions of the endothelium.
In vitro, several mechanisms have been proposed to explain how hsp90 influences NOS function including allosteric modulation of NOS, 7 coupling of L-arginine utilization to NO synthesis, 23 enhancing CaM affinity for NOS, 25, 26 and increasing heme incorporation into NOS. 27 Indeed, the ability of hsp90 to participate in protein folding and stabilization reactions as well as signal transduction cascades gives credence to its role as an evolutionary capacitor in yeast. 28 Moreover, the identification of hsp90 as a central component in the activation/phosphorylation of eNOS suggests that hsp90 may be involved with the regulation of other Akt substrates involved in cell survival pathways and metabolism.
Thus, based on several studies and the present data, we propose the following model to explain growth factorstimulated eNOS activation (see Figure 7 ): (1) VEGF receptor engagement leads to activation of the PLC␥ and PI-3 kinase/Akt pathways; (2) calcium-activated CaM participates with hsp90 in disrupting the effects of caveolin-1 on eNOS; (3) the interaction of hsp90 with Akt and eNOS permits hsp90 to serve as a docking site for Akt-dependent phosphorylation of eNOS; (4) the binding of CaM and phosphorylation of eNOS on serine 1179, effects stabilized by hsp90, leads to enhanced electron flux from the reductase to the oxygenase domain of eNOS; and (5) NO release occurs. The discovery of threonine 495 dephosphorylation as a mechanism to stabilize/enhance the interactions of CaM with eNOS 29 -31 most likely occurs in step 4; however, there is little evidence that dephosphorylation occurs in response to VEGF, 17, 29, 32 but this step is clearly pertinent for other agonists such as bradykinin. Further molecular dissection of this complex model will pave the way for both a structural and functional understanding of how endothelial cells manufacture NO. In quiescent endothelial cells (left), eNOS can be found in a complex with caveolin-1, a negative regulator, and low levels of hsp90, which may promote biosynthesis and conformational congruency of the enzyme. On stimulation of cells with VEGF (right), simultaneous increases in calcium and activation of PI-3 kinase results in (1) contemporaneous removal of the caveolin inhibitory clamp with CaM and hsp90 recruitment and (2) hsp90 recruitment facilitating the docking of Akt and phosphorylation of eNOS. Thus, phosphorylation on S1179 in the presence of bound CaM are necessary for VEGF-stimulated NO release. The functional consequence of hsp90 on T497 phosphorylation and the role of this residue in activation of eNOS by VEGF is not known.
